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PREFACE

This report was prepared by Jaclyn A. Baron, graduate assistant, and

Daniel R. Lynch, Assistant Professor, Tayer School of Engineering,

Dartmouth College. The report is Part Ill of a three-part series,

"Optimization Model for Land Treatment Planning, Design and Operation."

Part I of the series (Baron et al. 1983a) provides background information

and a review of the land treatment optimization literature. A case study

illustrating methods, results, and sensitivity analysis is presented in

Part II (Baron et al. 1983b). Details of the principal mathematical model

and its realization in computer form (LTMOD) are presented in this part.

This work has been supported by the U.S. Army Corps of Engineers under

CWIS 31732, Land Treatment Management and Operation. This report was

technically reviewed by Dr. A.O. Converse and Dr. T.J. Adler of the Thayer

School of Engineering, Dartmouth College.

The contents of this report are not to be used for advertising or
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OPTIMIZATION MODEL FOR LAND TREATMENT PLANNING, DESIGN AND OPERATION

PART III. MODEL DESCRIPTION AND USER'S GUIDE

Jaclyn A. Baron and Daniel R. Lynch

INTRODUCTION

LTMOD is a Fortran-coded model that generates optimal combinations of

design and monthly operating parameters for slow-rate land treatment of

wastewater systems with a given quantity of incoming effluent. It is a

generalized formulation of the models developed in Evaluation of Design and

Operating Options for Slow-Rate Land Treatment Systems in Cool/Humid Areas

(Baron 1981).

LTMOD consists of a main program, which coordinates several input and

output files, and a subroutine containing a set of equations representing

the physical relationships, the groundwater quality constraints, and the

objective function of the land treatment system. These equations are

coupled with additional subroutines comprising a generalized reduced-

gradient, nonlinear programming algorithm. User input is required for 1)

parameters of the LTMOD equations--wastewater influx, physical constants,

desired environmental quality, and design objective for the site, and 2)

properties of the optimization procedure, including constraint types,

variable bounds, an initial solution point, and various tolerances within

the algorithm. Together, these two input types define the physical system,

the operating options, and the feasible solution space.

This report defines the model capabilities and underlying assumptions,

presents an overview of the model structure, details the LTMOD equations

and their parameters, discusses the procedure for running the model, and

includes a sample problem and results. Input for the optimization

procedure is described only when it is important that it be consistent with

the LTMOD equations. Additional options and detailed formatting specifica-

tions for input for the optimization procedure are in the GRG2 User's Guide

(Lasdon et al. 1978), with which this manual should be used.

MODEL CAPABILITIES AND UNDERLYING ASSUMPTIONS

LTMOD recognizes the dual nature of the land treatment process whereby

nitrogen in the effluent is removed by biological, physical and chemical

processes in both the storage facility and in the soil-crop system. The

k6.
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Figure 1 Land treatment design

alternatives.

resultant design tradeoff between storage capacity and irrigation area is

the fundamental issue behind the model. A general representation of the

full set of design alternatives is shown in Figure 1. The feasible design

options are bounded by 1) AO, the minimum area to which effluent can be

applied to avoid ponding (based on the drainage properties of the site), 2)

SO, the minimum storage capacity required to hold effluent during the

months when application is not permitted, and 3) combinations of irrigation

area > AO and storage capacity > SO that are just sufficient to meet the

groundwater quality constraints. The lowest cost designs lie along or at

the ends of segment 0, at the edge of the feasible region. Based on the

potential for renovation of the effluent nitrogen in storage and on the

land and the permissible nitrogen concentration in the groundwater under-

lying the site, LTMOD may be used to satisfy one of three design

objectives:

1) Find the minimum required effluent storage facility capacity S

that is associated with a given irrigation area A where A > AO.

2) Find the minimum required irrigation area A that is associated

with a given effluent storage facility capacity S where S > SO.

3) Find the minimum required irrigation area AO and the minimum

effluent storage facility capacity SAO associated with this

area.

The quantity of nitrogen removed from the effluent in storage and on

the land (and in the system as a whole) depends on dynamic processes and

thus on the operating characteristics of the site. Operating decision

variables include the volume of effluent stored, the volume of effluent
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applied to the irrigation area from storage, and the volume of effluent

that bypasses the storage facility for each month throughout one year of

operation. Additional system operating properties, which follow from these

controllable operating decisions, include the drainage from the site, the

nitrogen concentration in the percolate, the nitrogen concentration in

storage, and crop nitrogen uptake for each month.

The LTMOD equations explicitly or implicitly include certain assump-

tions that delineate the type and properties of the system to which the

model may be applied. Specifically, it must be a single-crop system in a

cool and/or humid area, and the groundwater nitrogen concentration must be

the limiting environmental concern.

The model assumes that a single crop is grown on the entire irrigated

site, that the cropped area is equal throughout its growing season, and

that the entire area is evenly irrigated. The planting and harvesting

regime is exogenously fixed.

The model is for a cool and/or humid area. The mass balances by which

the drainage from the site is calculated are independent for each month and

do not provide for changes in the soil moisture content. It is assumed

that the soil is always kept at or near field capacity. It follows that

sufficient soil moisture is available to the crop at all times to avoid

water deficit and stress. Crop moisture uptake is assumed to be inde-

pendent of effluent application and to equal the potential evapotranspira-

tion rate in each month.

Groundwater nitrogen concentration is assumed to be the limiting

environmental consideration. Nitrogen is the only system contaminant

explicitly modeled. The concentration of nitrogen in the percolate from

the site may be constrained on an annual and/or monthly basis. Nitrogen

removal in the storage facility is represented by an overall monthly

first-order reaction constant. Monthly crop uptake is represented by

exponential functions of the nitrogen available to the crop. The monthly

nitrogen mass balances are interdependent and allow for the soil storage

and release of applied nitrogen in succeeding months that has been

observed, especially during winter application of effluent at experimental

sites. This is accomplished by estimating the percentage of the nitrogen

in the soil system that is leached in each month (not including native soil

nitrogen, which is assumed to remain constant).
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OVERVIEW OF MODEL STRUCTURE

The model consists of the sections shown in Table 1. Figure 2 shows

the interactions between the model components. The main program allocates

memory and numbers the input and output files. It calls subroutine GRG,

which is part of the GRG2 file, where the optimizing process occurs. The

INPUT and DEFINE files are read in the DATAIN subroutine and GCOMP is

called upon as needed. The PARAM file is read by GCOMP on the initial

iteration. The output is sent to the file specified for this purpose by

various subroutines in the GRG2 program.

The LTMOD, GRG2 and DEFINE files must be available and accessible on

the data processing system. The GRG2 file, the DEFINE file and the GCOMP

portion of the LTMOD file are used as they are; the MAIN program may

require modifications pertaining to the allocated memory and file

numbering, depending on the type of system for which the model is used.

Table 1. LTMOD files.

File Name Contents

LTMOD Main program and subroutine GCOMP (land treatment equations).
GRG2 Nonlinear optimization algorithm subroutines.
DEFINE Names of LTMOD functions and variables for labeling output.
PARAM Parameters of LTMOD equations.
INPUT Variable and function types, variable bounds and options for

optimization procedure.
OUTPUT Output file of intermediate information and results.

LTMOD GRG2

SI _ _ _ _ _ I
MAiINI- GRG

PARAM GCOMP -

Figure 2. Model components and their interactions.
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The INPUT and PARAM files are supplied by the user. All files may be

arbitrarily named.

LTMOD FILE

The generalized land treatment formulation contained in subroutine

GCOMP in the LTMOD file consists of 85 functions comprising the system

constraints, an objective function, and 7 calculations of auxiliary system

properties that are not included in the optimization process. The func-

tions include 85 decision variables and 160 parameters. GCOMP need not be

modified by the user; however, an understanding of the land treatment

equations is necessary to develop the user-supplied PARAM and INPUT files

and to interpret the model results. A schematic of the system, including

the major variables and parameters, is shown in Figure 3. Below, the 93

individual equations are described, using the equation numbering scheme

G(O) through G(93) that is used in the GCOMP code.

Note that continuous multiyear operation of the system is assumed, and

thus all variables defined at the end of month 12 are required to be

identical to those at the beginning of month 1. Any occurrence of the

subscript 0 implies the subscript 12.

Nitrogen Crop nitrogen
renovation uptake

NK W_. N U,

Effluent Applied
influxeffluent

I_. NI, Stor age 0,, NCA, Irrigated
- - - facily system

B.. D. NDs

B,

Effluent bypass Drainage

Figure 3. Simplified schematic of a land treatment
system. Variables are defined in the text.

LTMOD Constraints

Equations G(1) - G(12) represent the monthly mass balance of water in

storage:

0k + Bk + S - Sk_ + (Ek - P k)-max(S ... S 2)/DP = I k  (1)
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where the decision variables are

Ok - volume of effluent applied from storage in month k

Bk - volume of effluent applied which bypasses storage in month k

Sk - storage volume at end of month k

and the parameters are

Ek - evaporation volume in month k per unit area

Pk - precipitation volume in month k per unit area

DP = depth of storage facility (design depth at maximum volume)

Ik - incoming effluent volume in month k.

Equations G(13) - G(24) represent the monthly mass balance of water at the

irrigation site:

EFF k.(0k + B k) + (P k- Wk )A - Dk = 0 (2)

where the decision variables are

Ok = volume of effluent application fron storage in month k

Bk = volume of effluent application which bypasses storage in month

k

A - irrigation area

Dk = volume of percolate from site in month k

and the parameters are

EFFk = irrigation efficiency in month k including runoff

Pk = precipitation depth in month k

Wk = crop water uptake in month k (depth).

Equations G(25) - G(36) require that the soil drainage capacity in each

month must not be exceeded:

MDRk.A - D > 0 (3)

where the decision variables are

A - irrigation area

Dk = volume of percolate from site in month k

and the parameter is

MDRk - soil drainage capacity in month k (depth).

Equations G(37) - G(48) represent the monthly mass balance of nitrogen at

the irrigation site:

I/FNLko(NDk) - (I - DeNk).[Ok.NCAk + Bk.NIk + (I - FNLk)/FNLk INDklI

+ A.NU -0 (4)
k
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where NCAk, the average nitrogen concentration in storage in month k, is

approximated as

NCAk = (NG.Sk  + NCk I .Sk I)/(Sk + Sk I ) (5)

The decision variables are

NDk = mass of litrogen leached to groundwater to month k

Ok = volume of effluent application from storage in month k

NCk = nitrogen concentration in storage at end of month k

Sk = storage volume at end of month k

Bk = volume of effluent application which bypasses storage in month

k

A = irrigation area

NUk = crop nitrogen uptake in month k (mass/area)

and the parameters are

FNLk = fraction of soil system nitrogen imbalance leached in month k:

NDk = [FNLk/(I-FNLk)-NSSk, where NSSk is the nitrogen

stored in the soil system at the end of month k

(1-FNLk) = fraction of soil system nitrogen imbalance retained in soil

storage at the end of month k

DeNk = fraction of nitrogen in soil system lost through

denitrification and volatilization in month k

NIk = nitrogen concentration of incoming effluent in month k.

Equations G(49) - G(60) describe the monthly crop uptake of nitrogen,

represented as an exponential function of the nitrogen applied. Its basic

form is

NUk = CPk. MNU k.[ - EXP(-b/MNU ) (6)

where b, the nitrogen available to the crop per unit land area is

b = [Nlk.Bk + NCAk-Ok + (0 - FNLk_ )/FNLk_ .NDk_ ]/A (7)

Substitution for NCAk and rearrangment yields

NU k- CP k*MNU k II - EXPE([- NI k*B k- (1 - FNL k )/FNL .-*ND I. ](sk + S )-

- 0 k °(NCk °Sk + NCkl' Skl))/[(Sk + Ski)-A°MNUk]] j = 0 . (8)
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The decision variables are

NUk = crop nitrogen uptake in month k (mass/area)

Bk = volume of effluent application which bypasses storage in month

k

NDk = mass of nitrogen leached to groundwater in month k

Sk = storage volume at end of month k

Ok = volume of effluent application from storage in month k

NCk = nitrogen concentration in storage at end of month k

A = irrigation area in month k

and parameters are

MNUk = maximum crop nitrogen uptake in month k (mass/area)

NIk = nitrogen concentration of incoming effluent in month k

FNLk = fraction of soil system nitrogen imbalance leached in month k

CPk = I if crop is grown in month k, = 0 if it is not. CPk must

also be set to zero if crop does not take up nitrogen in a month

of growth.

Equations G(61) - G(72) represent the monthly mass balance of nitrogen in

storage:

NC k. - NC k_.Sk_ ] + 0 k.NCA k + NK k.NCA k.SA k

+ NIk. Bk = Ik • NIk  (9)

where SAk, the average storage volume in month k is:

SA k = (Sk + S kl)/2 . (10)

Substituting for NCAk and SAk and simplifying terms yields:

NC k.S - NC k_.Sk_1 + 0 k.(NCk. Sk + NC k_1S k_)/(Sk + S k_)

+- Nk.(NCkSk + NCk SkI ) + Nlk.Bk = NIklk (II)

The decision variables are

NCk = nitrogen concentration in storage at end of month k

Sk = volume of storage at end of month k

Ok = volume of effluent application from storage in month k

Bk - volume of effluent application which bypasses storage in month

k

8



and the parameters are

NKk = percentage of nitrogen removed in storage in month k

NIk = nitrogen concentration of incoming effluent in month k

Ik = incoming effluent volume in month k.

Equation G(73) enforces the annual percolate nitrogen concentration

constraint.

NCQ.ID k - NDk> 0 .(12)

k k

The decision variables are

Dk = percolate volume from site in month k

NDk = mass of nitrogen leached to groundwater in month k

and the parameter is

NCQ = maximum permissible annual average nitrogen concentration in

the groundwater.

Equations G(74) - G(85) enforce the monthly percolate nitrogen

concentration constraint:

NCQM.Dk - NDk > 0 . (13)

The decision variables are

Dk = percolate volume from the site in month k

NDk = mass of nitrogen leached to groundwater in month k

and the parameter is

NCQM = maximum permissible monthly nitrogen concentration in the

groundwater in month k.

LTMOD objective function

Equation G(86) states the objective:

Minimize [OA.A + OB.MAX(S I ...SI2)] (14)

where the decision variables are

A - irrigation area

Sk = storage volume at the end of month k.

Varying the values of the parameters OA and OB enables a choice of three

objectives:

1) To minimize the irrigation area with a given storage capacity,

set OA - I and OB = 0,

2) To minimize the storage capacity with a given irrigation area,

set OA = 0 and OB -1,

9



3) To minimize the Irrigation area based on hydraulic properties of

the site and to find tile minimum required storage associated with

this area, set OA = 1 and OB = fractional value ensuring that the

storage term in the objective function is less than the area term

at all times in tle optimization procedure.

It is essential that the classification and bounds on the storage and

area decision variables in the INPUT file (see below) be consistent with

tile choice of objective.

LTMOD additional calculations

Equations G(87) - G(93) represent auxiliary calculations concerning

the system size and tile various renovation processes. The mass of nitrogen

removed in tile storage facility is calculated in G(87):

G(87) = YNK • (NC kS + NC * S )/2 (15)Sk k k k-I k-i
k

while the percentage of nitrogen removed in storage is calculated in G(88):

G(88) = G(87)/Y(NIk.lk). (16)
k

Equations G(89) and G(90) calculate the comparable mass- and percentage-

removal figures for the crop:

G(89) = A.[NUk (17)

k

G(90) = G(89)/Y(Nk. Ik). (18)

k

Equation G(91) calculates the total mass of nitrogen removed by the two

processes:

G(91) = G(87) + G(88) (19)

while G(92) gives the overall nitrogen removal percentage:

G(92) = G(91)/Y(NIk.Ik). (20)

k

Finally, the maximum weekly wastewater application rate is computed in eq

G(93):

G(93) - MAX(O I .. .0 12)/(4.3 A). (21)

10



PARAM FILE

The PARAM file contains the parameters for the LTMOD land treatment

equations and is supplied and named by the user. A total of 160 parameter

values must be specified. The file must consist of 26 lines with 6 values

on each and a 27th line with 4 values. The values are input in fields of

10 and are formatted F10.6. They are inserted in the order shown in Table

2.

Table 2. Order of input for parameter values. The GRG2 User's Guide

(Lasdon et al. 1978) states that best results are obtained when the

absolute values of the problem functions are less than 102, so parameters

should be scaled accordingly.

Lines Parameter

1 and 2 1(12) Incoming effluent in each month (volume).

3 and 4 P(12) Precipitation in each month (depth).

5 and 6 E(12) Evaporation in each month (depth).

7 and 8 W(12) Crop water uptake (PET) in each month (depth).

9 and 10 MRD(12) Soil drainage capacity in each month (depth).

11 and 12 NI(12) Nitrogen concentration of incoming effluent in each
month (mass/volume).

13 and 14 NK(12) Percentage of nitrogen removed in storage in each

month.

15 and 16 DeN(12) Fraction of nitrogen in soil lost through
denitrification and volatilization in each month.

17 and 18 CP(12) Growth/no growth indicator for crop in each month (0.0

or 1.0).
19 and 20 MNU(12) *Maximum potential crop nitrogen uptake in each month

(mass/area).

21 and 22 FNL(12) +Fraction of nitrogen in soil leached in each month.

23 and 24 NCQM(12) Maximum permissible nitrogen concentration in percolate

in each month (mass/volume).

25 and 26 EFF(12) Irrigation efficiency in each month.

27 NCQ Maximum permissible annual average nitrogen

concentration in groundwater (mass/volume).
27 OA Objective function area term coefficient (0.0 or 1.0).

27 OB Objective function storage term coefficient, 0.0 < OB <

1.0.

27 DP Depth of storage facility.

*If the crop is not grown in month k, MNUk should be set to some arbitrary

positive value to avoid division by zero.

+The fraction of nitrogen leached in each month must be set to a positive value

to avoid division by zero.

11



INPUT FILE

The input file is supplied and named by the user. The file must be

consistent with the instructions and format specifications in the GRG2

User's Guide, Section 5. The required parts of this file are:

1) Line 1 (Number of variables and functions).

2) ROWS section (Function type and right-hand sides).

3) BOUNDS section (Variable type and bounds).

4) INITIAL section (Initial values of decision variables).

5) FUNCTION and VARIABLE section titles. (Title lines only, in this

order. The remainder of these sections is read from the DEFINE

file.)

The user may wish to reduce or expand the level of printout, reduce

computation time, or improve performance by activating additional options

discussed in the GRG2 User's Guide, Section 5.

The required sections are discussed in detail below. A portion of the

data will be identical for any run using the LTMOD model. The user should

note which inputs are fixed (indicated with an asterisk) and which depend

on the particular application.

Line 1

The number of variables is 85*, and the number of functions is 93*.

Neither of these numbers may be modified by the user.

ROWS section

For each of eq G(I) - G(93) the equation type must be specified

according to the following letter code:

E indicates an equality constraint,

G indicates a "greater than or equal to" constraint,

0 indicates the objective function,

N indicates a constraint that is ignored in the optimization.

Table 3 indicates the proper choice of type code as well as the proper

value for the right side of each equation. Only eq G(73)-G(85), which deal

with the form of the environmental constraints, require user decisions with

respect to equation type. Equation G(73) is set greater than or equal to

zero (G) if the nitrogen concentration in the percolate is to be

constrained on an average annual basis, and ignored in the optimization

procedure (N) if it is not. Likewise, eqs G(74) - G(85) are set greater

12



Table 3. Function types and right sides for ROWS section of input file.

Function Type Right side

G()-G(12) E* Ik+

G(13)-G(24) E* 0.0*
G(25)-G(36) G* 0.0*
G(37)-G(48) E* 0.0*
G(49)-G(60) E* 0.0*
G(61)-G(72) E* Nlk.'lk
G(73) G or N 0.0*
G(74)-G(85) G or N 0.0*
G(86) 0* -*

G(87)-G(93) N* -*

*These inputs are fixed.
+Ik = incoming effluent in month k (volume),

N~k =nitrogen concentration of incoming effluent in month k (mass/volume).

than or equal to zero (G) if the nitrogen concentration in the percolate is

to be constrained on a monthly basis, and ignored in the optimization

procedure (N) if it is not.

BOUNDS section

The variable types and bounds depend heavily on the particular

application. The assignment of variable bounds describes physical

constants and constraints of the land treatment system that are not

addressed by the system parameters and defines the operating options that

may be considered in the search for an optimal solution. It is important

that variable bounds be consistent with the system parameters. This

section includes definitions of the 85 LTMOD decision variables and some

guidance for assigning types and bounds. As in the ROWS section, a letter

code signifies the type of bounds on each variable:

E indicates that the variable is fixed at a given value,

G indicates that the variable must be greater than or equal to a

given value,

R indicates that the variable is restricted between two given

values.

X(l): Irrigation area A. If the objective is to minimize the irri-

gation area with a given storage capacity (OA - 1, OB - 0) or to minimize

the irrigation area based on hydraulic properties of the site and find the

minimum required storage associated with this area (OA - I, OB - fractional

13



value), then set X() greater than or equal to (G) zero. If the objective

is to minimize the storage capacity with a given irrigation area (OA = 0,

OB =) then set X(1) as a fixed variable (E) at the area of interest.

X(2)-X(13): Storage volume at the end of each month Sk . The

storage volume at the end of each month must be higher than some small

positive value to avoid division by zero. If the objective is to minimize

the irrigation area with a given storage capacity (OA = 1, OB = 0), then

set X(2)-X(13) as restricted variables (R) between the small positive value

and the storage capacity of interest. The model solution will always

contain at least one storage volume that is equal to this storage capacity.

If the objeztive is to minimize the storage capacity with a given

irrigation area (OA = 0, OB 1 1) or to minimize the irrigation area based

on hydraulic properties of the site and find the minimum required storage

associated with this area (OA = 1, OB = fractional value), then set

X(2)-X(13) as greater than or equal to (G) variables with a lower bound of

the small positive value.

X(14)-X(25): Monthly effluent application from storage Ok . Monthly

effluent applications should be set to be greater than or equal to (G) zero

in the months when application is permitted when irrigation capacity is not

a concern, and as restricted variables (R) between zero and the irrigation

capacity if appropriate. Effluent application is permissible in months

when crops are not grown. In months when effluent application is not

permitted due to climatic considerations, the effluent application

variables should be fixed (E) at zero.

X(26)-X(37): Monthly percolate from site Dk. Monthly percolate

variables should be set greater than or equal to (G) zero in all months.

X(38)-X(49): Nitrogen concentration in storage at end of each month

NCk. Nitrogen concentration in storage should be set greater than or

equal to (G) zero in all months.

X(50)-X(61): Monthly crop uptake of nitrogen NUk. Crop uptake of

nitrogen can be set greater than or equal to (G) zero in all months. In

months when crops are not grown in nitrogen, uptake is fixed at zero by the

CPk parameter.

X(62)-X(73): Monthly quantity of nitrogen leached to the groundwater

NDk. The quantity of nitrogen leached variables should be set greater

than or equal to (G) zero in all months.
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X(74)-X(85): Monthly effluent application which bypasses storage

Bk. If bypassing the storage facility is an operating option, the bypass

variables should be restricted (R) between a lower bound of zero and an

upper bound of Ik, the incoming effluent volume in each month when appli-

cation is permitted. If bypassing storage is not a viable option, the

bypass variables should be fixed (E) at zero.

INITIAL section

Initial values of the decision variables must be chosen for each model

run. The initial solution point need not be feasible; however, if the

initial point is poor, a feasible solution may not be reached and either

the problem will be declared infeasible or various error messages (size,

division by zero) will be generated. LTMOD is particularly sensitive to

the relative values of the irrigation area and the effluent storage

capacity; it is relatively insensitive to the initialization of the other

decision variables as long as they are within reason. If the program does

not complete the run, modify the initial irrigation area X(1) when

minimizing the area with a given storage capacity, or modify the initial

storage volumes X(2)-X(13) when minimizing the storage capacity with a

given irrigation area, and try again.

Depending on the initial solution, the global optimum may not be

reached for reasons that are discussed in the GRG2 User's Guide (Lasdon et

al. 1978). If the final irrigation area or maximum storage volume is less

than the initial point, it is a good idea to check that it is indeed the

minimum requirement by lowering the initial estimate to below this value

and rerunning. Another possible check that the solution is optimal is by

comparison; run several cases around the point of interest and check that

none of the solutions is out of line.

A reasonable initialization procedure is:

1) Distribute the effluent application X(14)-X(25) evenly over all

the months in which it is feasible and set it to zero for the

remaining months.

2) Set the drainage volume in each month X(26)-X(37) equal to the

effluent application.

3) Calculate the nitrogen leached in each month X(62)-X(73) by

multiplying the drainage volume by the maximum permissible

nitrogen concentration in the percolate (NCQ or NCQM).
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4) Set the nitrogen concentration in storage in each month

X(2)-X(13) as half the incoming effluent value.

5) Estimate the crop nitrogen uptake in each month in which it is

grown by rmultiplying the nitrogen concentration in storage by the

effluent application and using the crop nitrogen uptake

exponential functions.

6) Bypass variables X(74)-X(85) tend, in final solution, to be at

their lower bound (zero) or their upper bound (the incoming

effluent volume), depending upon the application; it is worth-

while to rerun the model with low and high initial bypasses to

ensure that the optimal solution is found.

7) When minimizing the irrigation area associated with a given

storage capacity, set the storage in each month X(2)-X(13) at

approximately half the maximum. Roughly estimate the hydrau-

lically feasible area by dividing the effluent volume applied

each month by an average drainage capacity. Set the initial area

X(l) somewhere above this result.

When minimizing the storage capacity associated with a given irriga-

tion area, find the storage capacity required to store the incoming

effluent volume during the months when irrigation is not feasible; set the

storage volumes X(2)-X(13) somewhere above half of this result.

RUNNING LTMOD ON THE PRIME SYSTEM

Running LTMOD as a segmented run file on a Prime system is straight-

forward. The LTMOD file may be used with no modification. The allocated

memory, PARAMETER MAXMEM, is 20000. The file numbering is:

INPUT LOGICAL UNIT 5

PARAM LOGICAL UNIT 7

DEFINE LOGICAL UNIT 8

OUTPUT LOGICAL UNIT 6.

The run procedur- is as follows:

1) Compile LTMOD and GRG2 files. Either the Fortran IV (FTN) or

Fortran 77 (F77) compiler may be used:

F77 LTMOD or FTN LTMOD -64V

F77 GRG2 -BIG FTN GRG2 -64V -BIG.
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2) Load Segmented Runfile:

SEG (initialize SEG utility)

lo #LTM (load runfile name)

lo b-LTMOD (load compiled LTMOD)

lo b-GRG2 (load compiled GRG2)

Ii vapplb (v-mode applications library)

li (standard Fortran library)

save (save runfile)

Q (quit SEG utility and return to Primos command level).

The package is now saved for all future runs. To run in foreground, type

SEG #LTM (or runfile name) and input the INPUT, PARAM, DEFINE and OUTPUT

file names as requested.

A typical background job might look like:

JOB user # -HOME 'user # password' -QUEUE LONG

COMO RUNLIST

SEG # LTM

INPUT

PARAM

DEFINE

OUTPUT

LOGOUT

Runtime error messages are available by listing the RUNLIST file.

SAMPLE PROBLEM AND RESULTS

Problem statement

The sample system is a hypothetical 1O-mgd facility with climatic and

crop data typical of central New Hampshire. The incoming effluent volume

is evenly distributed over the year (1,151,300 m3/month). Monthly esti-

mates of precipitation and evaporation at the site are shown in Table 4. A

mixed forage crop is grown on the site from early April to mid-November,

and its potential evaporation rate is assumed to equal the evaporation rate

throughout its growing season. The soil is a sandy loam with a maximum

hydraulic loading of 8 in./week (87 cm/month). Irrigation efficiency is

70% and runoff is assumed to be negligible.

The incoming effluent contains 40 mg/L nitrogen. The nitrogen removal

in the storage facility is 20% in each month from April through November
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Table 4. Climatic data for the sample problem.

Potential
Month Precipitation Evaporation

(cm) (cm)

January 6.9 0.0
February 5.8 0.0
March 6.6 0.0
April 6.6 3.0
May 7.9 7.7
June 8.6 11.2
July 8.9 13.4
August 8.9 11.3
September 8.1 7.6
October 7.9 3.9
November 7.1 0.6
December 6.6 0.0

Table 5. Estimated monthly percentages of sea-
sonal nitrogen uptake for the sample problem.

Month % Seasonal N Uptake

April 15
May 20
June 15
July 20

August 20
September 10
October
November

and 10% in the cold months from December through March. The maximum

seasonal uptake of the forage is 470 kg/ha under a harvesting regime that

includes three cuttings. The percentage of the total seasonal uptake that

may be expected in each month with this management schedule is shown in

Table 5. Maximum monthly nitrogen uptake values are estimated by multi-

plying the maximum seasonal uptake by the appropriate percentages. Nitro-

gen losses by denitrification and volatilization are assumed to be negligi-

ble. All nitrogen applied to the irrigated area in the effluent that is

not consumed by the crop is assumed to leach in the same month in which it

is applied.

The study objective is to find the minimum required irrigation area

associated with a storage facility with a 5,500,000-m 3 capacity and 12-ft
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(3.66-m) depth to achieve an annual average concentration of nitrogen in

the percolate of 10 mg/L. Effluent irrigation is feasible only during the

growing season of the forage crop. Bypassing the storage facility is not

permitted.

Input and output files

The PARAM file for the problem is shown in Table Al. Two items

illustrate the flexibility available to the user:

1) A percentage of the winter precipitation is snow, which melts and

percolates through the soil in the spring. In this example, for simpli-

city, 100% of the winter precipitation is deferred until April when it is

assumed to enter the soil system.

2) To model the fact that effluent application is permissible only in

the first half of November, the drainage capacity is halved in this month.

The INPUT file for the run is shown in Table A2. The complete OUTPUT

file is shown in Table A3. The required irrigation area is 1280 hectares.

Refer to the GRG2 User's Guide for further details of the output informa-

tion.
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APPENDIX A: INPUT AND OUTPUT FOR THE SAMPLE PROBLEM.

Table Al. PARAM ;u.e.

11. 513 11. 513 11 513 11. 513 11. 513 11. 513
11 513 11. 513 11. 513 11. 513 11. 5)3 11. 513
0. 0 0. 0 0. 0 0. 25 0.079 0. 036
0 009 0. 009 0 081 0.079 0.071 0. 0
0.0 0. 0 0. 0 0. 03 0,077 0. 112
0. 134 0. 133 0, 076 0. 039 0. 006 0 0
0. 0 0. 0 0. 0 0. 03 0. 077 0. 12
0. 134 0 112 0. 076 0. 039 0. 006 0. 0
0. S7 0 07 0 67 0. 87 0 37 0 87
0. 87 0. 37 0 87 0. 87 0.'435 0. 87
0.04 0 ,D. 0 04 0.04 0.04 0, 04
0. 04 0. 04 0 04 0. 04 0 04 0. 04
0. 10 0. 10 0. 10 0. 20 0.20 0 20
0.20 0.20 0 20 0.20 0.20 0. 10
0 0 0.0 0 0 0.0 0.0 0.0
0.0 0.0 0. 0 0.0 0.0 0.0
0.0 0.0 0 0 1.0 1.0 1.0
1.0 1.0 1.0 C.0 0.0 0. 0
0. 01 0. 01 0 01 0. 00705 0. 00940 0. 00"05
0. 00;40 0.0040 0 0047 0.01 0.01 0.01
I 0 1'0 1.0 1.0 1.0 1.0
1.0 1.0 1 0 1.0 1.0 1.0
0.015 0.015 0 015 0.015 0.015 0. 015
0. 015 0. 015 0 015 0,015 0.015 0. 015
0. 70 0.70 0. 70 0. 70 0.70 0. 10
0.70 0. 70 0. 70 0. 70 0 70 0.70
0.010 1.0 0. 0 3.6576
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Table A2. INPUT file.

85 93
ROWS
E 1 12 11. 513
E 13 24 0 0
G 25 36 0. 0

E 37 48 O 0

E 49 60 0.0
E 61 72 O, 4-c5
G 72 0 0
N 74 85
0 86
N 87 93

END
BOUNDS
G I 1 0.0

R 2 13 .599 55. 0

E 14 16 0.0
G 17 24 O 0
E 25 0.0

G 26 37 0. 0

G 33 49 0.0
G 50 61 0.0
G 62 73 0. 0
E 74 95 O.0

END
INITIAL
SEP

1 50.0
2 13 30.0

14 16 0 0
17 24 13.9
25 0.0

26 23 0.0
29 36 18 9
37 0.0
33 49 .024
50 52 0 0
53 .005
54 .0065
55 .005
56 57 .0065

58 . 0033
59 61 0 0

62 64 0.0
65 72 .19

73 0.0
74 85 0 0

END
FUNCTIONS
VAR IABLES
PRINT

IPR 0
END
GO
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T1ilu A3. OUTPUT f ili.

0NUOH1rR C VA IACLrS 13 35
('NU~1LER - F'JNCT!CM,%-* . 93
C):SPACE PC--Fi VEL) FC-R iiINHAS ZlIr'NSICN 05
OLIMIT L,.4 -'ItNC. COTPAINIS IS E
QACTUAL LEr,'.&TH UF Z Ar AY IS 19075

ROWS
E 1 12 1 153C~1
E 13 -'4 0. OOOOOCE-0 I
G 25 36 0. ()O0QCOc) 0 J
E 37 48 0 00 5C -- :
E 49 60 0. 0CC 0 -1
E 61 72 4. 60500GE-01
G 73 73 0. OQOOOCE-01
N 74 85
0 06
N 87 93

END
BOUNDS

O I 1 0.OOCOOO 0E- -c1
R 213 5 2 0C&:E-~ 1 5. 500C'-CCE+01
E 14 16 0
G 17 24 0 Cs~'>Ss
E 2 5 215 0 30,7.c 2 ,r
G -26 37 0, 000(E-Cl
G 39 49 0 0CC' ?-C1I
G 50 61 0 OC' -:I
G 621 7730 CO(C'CH-C
E 741 05 0 COCCOCE-01

END
INITIAL
SEP

1 1 . 0 c 0 C 0 1
2 13 3. 0Cc --- C+0 1

14 16 0 0 0CS'DCC 0 1
17 2'4 1 . 3 cP *WMZt) C
25 25 o rccccc:-,
26 286 0. GC CC!-WK-' I

2736 1. 3coc- c
37 37 0. 0,-, 0,-, -01
33 49 P 40,7--001--02
50t- 52 0 0 CC (;11 :- 0 1
53 53 5 OCOO0CCz-03
54 541 6 5~C~0
55 55 5. COOG(,COC-03
56 57 6 5 1
58 CC9 3. c -10c C F-- 03
59 6 1 0 0 C, ") I-E -0 1
62 64 0, 000000C'E-0 1
65 72 1 C9n0nC-,-01
73 73 0. 00o0o0Ccr-o
74 05 0 OOOOOC-01

FNT)
FUNCTIONS
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,A, I ABL E3
PR 1INT

IPR 0

END
GO

CEPNFWT = 1. 0000E-04 EPINIT = C-0000E-01 1-PSTOP = I OOOOE-04

E"PIV = 1.0000E-03 PHI1E[S = 0. 00000E-01
ONSTOP = 3 ITLIM 10 LItIIFR = 10000

OIPR = 0 PN4 = 0 P,15 = 0 PN= 0 ,,F= 0 DUMP= 0

OTANGENT VECTORS WILL %E USED FOR INITIAL ESTIMATES OF DASIC VARIABLES

OTHE FINITE DIFFERENCE PARSH USING FORWARD DIFIFERENCES WILL BE USED

OOBJECTIVE FUNCTION WILL BE MINIMIZED.

ODFP WILL BE USED IF 4 SUPERBASICCS < = 85
PARAMETFRS

11. 512999 11. 512999 11. 5129P9 11. 512999 11. 5 1 29?9 11 51W"Q99
11. 5129?9 11. 512999 11. 512', ,Q 11. 512999 11 5 1 OES 9 11. 512999

0. 003000 0 000000 0 000000 0. 325000 0. 077000 0 0S-.000

0. 03' 000 0. Cc.C.
, C C31000 0. 079000 0.071000 0 000000

0. 000 0. *D 0 .. .C0003 0 030000 . 77000 0 113000

0 13,1000 0 133000 0 07,0GG 0 0q000 0. 0060C0 0 C0C,000

0. 000000 0 C,'0CC0,0 Cs t- -- 'C'00 O 077000 0 l l,7.0"0
0. 1-.1000 0. 113,G :, 0 &000 0 0Z,00 0. 00.L000 0 00(,000
0. 870000 0. 37G000 C S70000 0. 370100 0. 370000 0 07000'0
0. 37,0000 0 070000 . . 370000 0 37,-0.00 0. 43 0'00 0 970000
0. 040000 0 040000 0 000 ,0 D 0 C, 00 0. O,10C0 0 010000
0. 040000 0. 040000 0. 040000 0. 0'10000 0. ,4OCO0 0 040000
0. 100000 0 100000 0. 100000 0. 200000 0 200000 0 200000
0. 200000 0 200000 0 1'00000 0 200000 0 200000 0. 100000
0. 000000 0. o00oo , 000000 0. o000o O. C.,0 0 000000

0. 000000 0. O0000CO 0 000000 0 000000 0. 00GO00 0 0000c0
0. 000000 0. 000000 0 000000 1 000000 1. 000000 1 000000
1.000000 1. 000000 1 000000 0.000000 o. 0000D0 0 C,0000
0 010000 0 010000 0. 01 0000 0007050 0 00,401 0 I)07050
O. 009400 0 0 0 q 4 0 0 0 00,1700 0 010000 0 0 1 C:,o 0 0. (000
1.000000 1. 000(00 1. CO00000 1. u0000 1. ,O I OyG0c0
1. 000000 1 000000 1. 000000 1. 000000 1 00C000 1 000000
0.015000 0.015000 0 015000 0. 015000 O, 0 1 ,00 0 ),31O',O

0.015000 0 015000 0 015000 0 0100 0 015000 0 015000
0. 700000 0 700000 0. 700000 0 700000 0. 700000 0 -':000U0
0. 700000 0. '7cO,'00 0 700000 0. 700000 0. 700000 0 -0000

0.010000 1.000000 0.000000 3. 657600
OUTPUT OF INITIAL VALUE-
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OSECTION 1 - - FUNCTIONS
FUrC T N INITIAL LOWER UPPER

NO NAIF? STATUiS TYFC VALUE L I MIT LIMIT

1 L.C9i 1Z 01t1 -,, ( - , :4I 1 1 1 j I2QO(,,[U c. I1 15 130c0f ()1

2~ 1 :*,0 I:~ 1 1.3 1 152~fR' DO. - -0 C'

t2 L; G-'hW E~ + 0 WC:~-1 1. 1 00L-L I 1. 513 c2:L 0F

SL.J' I. c, 1 1>~'' 5o 1 1:000E.01 I. 15 1 00ZE'01

L;7 , 7 , I-2Q f-0 1COOE-'C I 1 151 20C''
UL AC'' Q 12( ' 1.11OC+1 .15130C'Th- I

10 LAGC1. 10 1. 1 7 1 17 20OC+ 0 1 1 i1 : GC
LI L A C(. : 4c 1 - -'' 1 1 5 1 OE -0 1 1. 15 1 -! GE'
12 LACCO,412 ci jQ u0 -CuQ 1C 31 I1510EC 1. 1513 .,CC0, F
13 H-Q JL 1 EQ EQ 0 () cQc0C'G7E-0 1 0. COCCUOGE-O1 0.00000002f--,0)1
14 HN0 12L' F- (I I-Q 0 >KCE-C) 0. oc ool-locliz 10 00 0c*,cII- --)
15 HZ0 ULZ; EIQ EQ 0 C0:0E-01 0 , 0 C C' E -0 1 0. 0.000c - u 1

17) H-20 ELS *l co -9 07CJ li E 7 0 00 -CCCE - 1 0. 00000c- -1

19 H20 CL6 EQc -6 E .7 o 0. GOOCOOE-01 0. 0000CC CL-U

I'9 HZO 3L7 F" 0Q --7' '2 C, )". 0 CD(E -0 1 C+ 0000Cc:
20O H20 5LC Lo -7 57 k 0' -0 D .C~0 0 0006000 F,
22 HO -- L9 E C -5 42 C ij 0 C, C,0CC-Cl1 0 0 0 0 000 c

22 OD3~1 ~ ~ 2 .oo CCCCO-l 0 0000or

01 J HODLIZ F- 0- CC L 0 G 1ooooc-o oo:
25~~ -- lA C9 CEl E 14 1+O01 0 0'C'OCE-n1NN

o~DRA CPIo C E 41 ,19~7~' OC0ED NJNE-

2 7 D.R~i-'. F0 ',, q4 : E+ 0 0 CC, ?006OCE-0l NONE
00DRA CP4 CE 2.C 47 l0 1 0. 1 ( C71-1 N 0 IE

29 DRA CRC P CE 2 , 49' D 1 0 0-,C--)CO ()CE- I NONE
20 npA% CR6 C-1E 2 57'CC + 1 0. C)30 0 COO-',C-, NONE
31 DRA CF7 C-E 21. ~59[E.01 0. 003OCE-C.1 NONE
32 DRA CPO CE 2. 4 5 -E 1 0. Olot-000)E -1- 1 NONE
,7 DRA cp9 GE 2 4 5 r? E-?1 C0-),v,-j N 0NE

ER;F'. CR 1 - 2 4 Q~l E 1' 0 CClX1C.CE-C I NONE
25, EP A CR11 c - 2 1AS" 0~' I)C COCE - 5 NONE
-2 DRA CR12 c~ 4 C. ,' -9?S-0 1 0. 00G. C C GE - C) NONE
37 N CAL I Q F 7 6 1-,- _ 0 JOC-01 00 I000C-
33 N DAL2 EQ 0 C' CCOC,,,)E -0 3 0 clc000i-31 0. oOcCOCCE-0i
39 N 3A L3 EQ C, D O ((- 1 0 C.7CC0E-0 1 0. QOOC0cE-7l
40 N CAL4 I~ .) -1 4---,<-0 Q,~OCES 0 00000700C 0 1
41 N BAL5 F* EQ 6 011C41,0'CE --02 0.C, 0 0 0 E -,-1 0 00OOOOCE-3i
4;) N I1AL6 *t EQ, -1 -:6)0 e 0 C 1)E--C2 0 C -0 (1 00-1 00000001>E01
43 N PAL? 7 FQ b 0.IOOOcCCCE -02 0 00)C7000E-Gl 0. oooocC:-ku
41 N IiAL3 * F. n 0 0 0C;E -C C a -(0:0E -0 1 0. 00cooocc-O 1
49 N BAL9 . Eci - %0;7CkC2 16 --, 00Q0C)1 0. 0000C0C- E11
46 N BALO 10 1-) -2 , (%0C F7-0 t 0 00,-'0DCOE-01 0 oooooc:-,:-ol
47 N DALI1 ID~ -2 C-~n( o 0 0,-,000 E -0I1 0. 0 000 0C-,E -0 1
43 N RALIlO EQ C ) 0 COcOA0E -0 1 0 c c 1)oo-OE -01 0 00000cc - - n
49 N CROP1 Eo EQ 0 2UCCl ( 01 -01 0. CSCO0-1 0. 000000CL-01
50 N CROP2 'L 0 F 0. 000000E-OI 0. C.CC:OOE - 01 0. Oocoooc-01
51 N CROPJ1 E0 EG 0 o0oo00(rJOE-0 1 a. OOOOOOOC-01 a, OOOOCOF-01
5P N CPCP4 10 -1I C3137'OQE -01 0.O0000000E-01 0, 000000-CCa1
53 N4 CROP5 Ea 6 005123E-0,1 0.OOOOOOOE-01 0. 00000C c C- 01
54 N CROP6 Fa E -1 0313720OE-04 0 OOOCOOOE-01 0. OCOOQOCE-0t
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5 5N1 CROP7 k~ EQ 6 je,.)613, t*-o A 0 OOS000E-0i L'. OOOOOOQf-0o1
56 N CRCPS9 Lo 6, eG3st'! -0,1 0.OOOCOOOE-ol (Y OQOOOOCE-01
57 N CROP9 EQ -7 179495>E-04 O.O00000E-01 0. 00OCOOGE-0l
50 N4 CROP1O E Q EQ 0. COOOuOOL.( -01 0. 00)OCCOCE-01 () 0 COOOCO-(,1
59 N CROP 11 EQ EQ 0. 0000000E-01 0. 0 0 : COOQ --0 0. 00OOOOGc -0)1
60 N4 CROP12 EQ EQ 0 o0ooOOE-01 0. OOOOOOOE-o1 0. OC000(7.CE-0 I
61 LAG N1 Fa 7. 199999oE-02 4. 60 J0OOOE-01 4. 6 C,5 0 , C, -u. )
62 LAG N 2 EQ 7. 1999,9-1E-02 4. 6050000E-01 4. 605000':-01-
83 LAG N3 EQ 7. 19 y9 11 1LE - 02 4.6650000E-01 4. -'-0 500C0 C- ()I
64 LAG N4 EQ 5, 9759999E-01 4. -105O00E-01 4. 6050000F-Oi1
65 LAG N5 EQ 5,97599E-01 4. 605--10OE-01 4 .O5000,C 01
66 LAG N6 cQ 5 975999!E-01 4. .!105COOOE-0 1 1. -105OCC-01
67 LAG N7 * EQ 5. 975999?E-01 4. 605CL'OOE-0I 4. 605001C0 1
63 LAG NO r*oE 5. 9759999F-OJ 4 6050-000E-0)1 4. 10503,' X: -0 1
69 LAG N9 * EQ 5. 9759999E-01 4 10t - C-01 4 6C*500rO -070 LAG N10 E EQ 5. 975999,;7-0l 4 6051-000E-01 4. 60500CE-C-i
71 LAG Nil EQ 5. 9751799?E-01 4. 60500COE-01 4. 60500C--o1
7 2 LAG N 12 * Eo 7 199TF?-'E:-02 4. - O5 0 CCE-0 1 4, O0'CZC
73 GW QUAL LL GE -1. 4210055E-Il 0.O 00COE- ~ NONE
74 G; 414 NA 0. 0000000E -,:)
75 GtW:42 NA C COCOCOCE-01
7-1 GtW-,3 NA 0. 00o00oC.;- -01
7/ G.4v11 NA 9. 4499976F-02
79 CWN15 NA 9 449997&E-02
79 GN6l NA 9 4499976E-C'2
SO' G.447 NA 9 4499?76E-02
81 GW'N3 NA 9. 449997Et-C'20
e2 GWN9 NA 9 4 4 9",-F0.

63 GL10 NA 9. 4,199975E-0'
e1 OWiI NA q. q97,F-02
85 CW-I2 NA 0 GOOOOOOZ-G'1
86 GuJ OBJ 5 0000C00+l
87 STFIREVr- NA 1 43999cq-C00
88 ST09EVNP NA 2. 605751CE-0J
89 CRUPN NA 1 6-100000Z-00
90 CRUPNP NA 3. 4 0 -1 125Et---0 1
9] TO7REVYN NA 3, 071 919E+00
QP TOTPEY'NP NA 6 39365-15E-0 1
93 APPt1AX NA 3. 5162'97E-01

OSECTION ;! -- VARIABLES
VARIAL'LE INITIAL LOWER UPPER

NO NAME STATUS VALUE LIMIT LIMIT

1 AREA 5 00000OOCE+01 0 0COOCOCE-1CI NONE
2STCR1 3. 0000O00E+0 1 5. 29900C(';-r1 I 000[0

3 STOR2 3. 000000CE*01 5. -"?'000()E--- 1 5 50C--00'u -0 1
4 STOR3 3 0000000C+01 5. 29'70000E-0 1 5 5CO000OC17Oi
5 STOR41 3. 0000000C.+01I 5. 29Q0000E-01 5. 50000GOE-101
6 STOR5 3. 00000C)OE+01 5. 29c70000E-%0)1 5 500000C0"+O1
7 STOR6 3. 0000000E,-0 5. 2990000E-0 1 5. T00000flt 0 1
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o STRo 7 3 #ocx 0E 1 5 P19GOOOE-0I 5 51000000:' t0
9 STC-43 3 0 0C C 7 1-() 1 5 "9 ,r, O0OT -,:I 5 500GOOWOI+0O1

10 STCR? 3. 00)COOCO+.',G 1 29900COE-0 1 5 5000000:-#01
I I STcqiJ 3. 0c)(:2ccE 01 5 2 Vq 0 C'OO--0 1 5 100W0O #-0 1
12 STCR11 3 ooocC', CE~o1 5 2'9q000E-01 5 53o0000:>lOi
13 STOR12 3. 000CO>, 40i1 5 L299C000E-r01 5. 5000000- 0 1
14 APPI F : 0+ 0 30clclP- 0-)1 0 (00005E-o1 0 000OO00E.-O1
15 APP2 FX 0.00OOOOCC3E-01 0 0O00000E-01 0. 000O0COE-O1
165 APP3 FX 0 OOCOCOCC-01 0 QOQOQOGE-Ol 0.000000012-0l
17 APP4 1. SC0oC'rj3-+OJ 0 OOOOOOOE-01 NONE
10 APP5 1.8900000C+01 0.C0000-01 NONE
19 APP6 I1. 6390,',C>O a1 -+ OOOOOOsOE-01 NONE
20 APP7 1.0 o90cc:-c~o1 0 0000)O00E-01 NONE
21 APPO 1. 8900CCCC+C1 0 00000G0E-01 NONE

22APP9 1. S900OK.C.1-21 0, 00O0O00E-01 NONE
23 APP10 1.G900GGC-"*UI 0 OOOOOOOE-01 NONE
24 APPIl 1. 8900CE 10 1 0 00OOGOOGE-o I NONL
25 APP 12 FX 0. OO QE-0 1 0 f)0OOCE-o 1 0 0000000E-Ol0
2.6 ORAINI, LL- 0. o~coocZL-( 1 0. 0001(.oooa-O I NONE
2 7 DRAIN2 L L 0. oo000OCCM-Ol 0. OOC()oOOE-0:)I NONE
23 V9AtIN3 LL 0. 000001C- -) 0. -O0OO000E-0J NON4E
-9 C~IN +. DO0h01 0 000(~0cE-c I NONE

30 DRAINS I 89000GOE+01 0. G 0 0O(0 0 NCNE
31 DR A IN6 1. 19CCQ~0 0 ONCOOGE
:"2 cE.xm' I. r95C~0 j 7 0 L:1 NOML
33 C 74I.N 3 1 . 390OCEi+01 0 0 )C, 00C 0F- ) I NONE
24 Y4AI.Nq 1. 0 u~c*1 0. C'OGCCOCL--,I NCNE
35 D PA I N10 +. 390CE-1 0 ocoocooE-CI NONCF
3.6 DRAIN11 1 . 8900 f-0O1 0 00iOO3E-c'1I NUN":
37 DRAIN12 LI1. 0. OCOGO0CE -0 1 0 (7 l0 O0 Cf- -r I NONE
23 N~ STC71 ;? 4 00CI00Cj-02 0 c 0 0 )0 c z- c NUNLi
3? N STCP:' 2. 400cOCCET-0P 0 C GOO,G () E - 0I NOJNE

407'CTOR0 12. 10 0 r7- 02 0 00(C'~0OE-C? N
41 N STOR4 2. 40000CME:-O 0 0 GOOOCCOE-0 NONE
42 N -:T CF, 7, 2. 400C'OOCE -02 0. 00OQOOCE-01 NONE
43 N 3TCT.5 2. 4000CCOL-02 0 Q0 C C Y)F- -I NONE7
44 N 5 T 0 r" 2 400C~-02 0. (-,0 ,0 0 0CC:.-C I NON'E
45 N S: 32. 400c'-PC OJ000GE-0 I NLJNF
4 , N CT C +Y) 2. 400 -.02 0 COC'2OD3FCI NUNE
47 N SIOR IC) 2 4 0 G 0 E - C,2 0 N 000E~ Nr-,
43 N 31CR] 1 2. 4000C r:-02 0,C 0)0 C ,0 F0- J NI)Nr-
49 N SYCRIP 2? 4 0C00C' -CP 0 (COCOOG-C,-I NONE
50 CP'il NiI L- 0. DOOOC %L - 0 1 0. 00000'0cE- 0I1 NO)NE
51 CR~fl NP; LL 0. 000301--11.-0J1 0. 0c00000FR-0 I N GNE
521 CpoP N3 LL 0.0OOOOOCCE-01 0 0000000 -0t NONE
53 CqoCP4 N' 5. CTOOOJU -03 0 0000000E-01 NOME
54 C F-,P 45 .6 50COCCC-02 0. OCOOOCE-0 t NONE
cl5 , .FjP N$ S, 5OOOOCC"CC-03 0 -0COOO(000E--.- I N ONE
56 CROP N7 6.500GOOOCC-03 0 Or000ccEl-z-I NONE
57 CROPR N3 6. 500000q'L)-03 0. 0000000E-0 I NONE
53 CROP N? 3 2 0 0 00 C:- 03 0. OOOOOOOE-01 NONL
5'? CPcr NJ10 Lt. 0 00*Cj 1- 0 1 0 OCO'OOOOE-01 NG-NE
60 cr'SP N 1 LL- 0. 0000cj c I-o01 0. 0000000E-(7,1 NONE
61 CRGIP N12 LI 0. OOOOOoclOOL0 0. 0000000EI-Qi NONE
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62 N P ERC I LL 0. 0~ 0-0 1 0. c'QQOOOOE-OI NONE
63 N PERC2 LL 0.0000OOCE-02 0. OOOOOOCE-01 NONE
64 N PENC3 LL 0. C, Z'OOO1C) .2- () 0.0000000"2-01 NONE
65 N Pf:RC4 1. 890000CE-01 0. OOOOOOOE-C1 NONE
66~ N PERC5 1.89000COC-Oi 0.0000000E-01 NONE
67 N PERC6 1.e8,00oCE-01 0.0000000E-01 NONE
68 N PENC7 1. 8900000E-01 0. OOOOOOOE-0i NONE
69 N PERC8 1.09c000GOE-0I 0.OOOOOOOE-01 NONC
70 1N PERC9 1. 8900000C-0O1 0. OOOOOOPOE-01I NONE
71 N PERCI0 1.89000GOE-OJ O.OOOOOOGE-0i NONE
72 N PERCM 1.8900000E-01 O.GOOOOOOE-01 NONE
73 N PERC12 LL O.OOO00000E-01 0.0000000E-OI NONE
74 BYPASSI FX 0. OOOOOC'CE-O1 0. O000000E-01 0. OOOOOOOE-0_(1
75 DYPASS2 FX 0.0000000CE-01 0. OOOOOOOE-01 O~0000U0-01
76 BYPASS3 FX O.OOOOOCZ-_701 O.OOOOOOOE-0i 0 0000000E _o1
77 BYPASS4 FX 0. 00001-10-01 0. 0000000E-0I 0 OOOOOC'OL-01
78 BYPASS5 FX 0. OOOOC.ZOE-01 0. 00OOOOOE-01 0. 000O0CO: 0 1
79 BYPASS6 FX 0. 0O0000QCO0E -01 0.0000000QE-01 0 C00000;. 0 1
e0 iYPAS7 F'X 0. O00COOCC-01 0. OOO0OOE-01 0 000OOOO0E-01
el BYPASS8 FX 0. 00'00QOE-01 0. 0000000--1 0. 00000002-c'1
82 D\'PASS9 FX 0. 00000001I-0 1 0. 00OOCOE-01 0 00oo0OZ:-ol
83 fl'iPASSIO FX 0. 000oOCC'C-0I 0. C 00 or)02--0 1 0, 000000(0 7.-0i
84 BYPASSi 1 FX 0. O0C0,CC-01 0. OOOOOOOE-01 0 COQOCOL-0 1
05 I3YPASS12 FX 0. 0 0 C- C,1 0. OCOOOOOE-C01 0. 0 00 0 C 1

OTOTAL FnACTIONAL CHANCE IN 00 ECTIVE LESS THAN 1. COOOCE-04 FORl
FINAL RESULTS

FOR 3 CONSECUTIVE ITERATIONS

0SECTION I -- FUNCTIONS

INITIAL F INAL FROM LAGRANGE
NO NAME VALUE VALUE ST -US NEAREST MUL11IPLIER

BOUND

1 LAGOONI 0. OOOOOF.-C II. 15120L+01 FaUALITY 0 000.L 01 0 00(hoC.E-0 t
2 LAGOON2 0 OOOOOE-01 I 151Z0L-01 17QUALITY 0 000E 01 0,OCOOGE-0l
3 LAGOON3 0. 0 00)E,: Z- 0 1 1. 1513CE ',, '7QUALITY 0 OcOOE 0 1 0 QOOCU) 0E -01
4 LAGCON4 I1 648904E'-0l I1. 15I30E-0, EQUALITY-3. 41 JI--1: 0 . OUGC'UE-01
5 LAGQON5 I SG3.26E.01 I1. 151"C'E-01 EGUALITY-3 41JE713 0. OC'('OE-0I1
6 LAGOON'6 1.9113-!E-01 I1. 15130E+01 EOU ,LITY-2 1.60E-Or? 0.OOOOOE-01
7 LAGOON7 1 9269 1 E+0 I1. 1513i:E-0 1 EOLIALITY-2? 2,-9E -09 0. OOOE-01
0 LAGOON8 I 9260E+01 I. 1513GE -0 1 EOL'ALITY-9 840E--09 0. OOOOOE-C'1
9 LAGOON9 1 895903E+01 I. 13C0 EQUPLiITY-i 0OIE -08 0. OOOOE-01
10 LAGCON10 1 . 57117Ei01 I1. 1513 -*.L *C, I E aU ,-I T Y-4, 422E -03 0) OOCOOE-01
11 LAGOON1l 1. 6936;E+01 1, 151i3Ck~o EOUALITY-3. 649E-09 0.OOOOO0E-C'iL
12 LAOrON12 0 0%CCO.E-01 I1. 15 13CEa+ 01 EGUAL11Y 0 CtCOE 01 0 0000OOE-01
13 H20 CLI 0.00000E -0 1 0 OO0C.L-C1 I GUA~LITY 0 00C& -C01 0.00OOOOE-01
14 1420 DL2 0 00000E-01 0. 00OOCL -0-1 EQUALITY 0. C00 01 0. OQOOGE-Ol
15 1420 BL3 0 G0ZCN0E-01 0 O0OOE -01 EQUALITY 0. OOOF-01 0 OOOQE-01
16 HMO BL4 9 08000E+00-6. .7O2-E-08 EQUA\LITY-4 67OE-Gq 0. O003E-O 1
17 1#20 DL5 -5 57000E+00-5. .l522CE-J() EQUALITY-5 252E-10 0. 00000'E-0 I
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I I !2 7!-7 -7 'CCE -- ,0 2 17-,,7',_-Cf3 LU -AtI TY -7 37(OE0-r3 0006 OQOO ) t
Z' 0 HZJ C - &7C(F.( I '10L IL-' I 'JTY -I 4E61-_-0,? 0. OOOCOE-01
"I1 :17 i t.9 -9 -?W'C E 80 -W COUALI TY-6 S' BE- () 0. OQOOCE-0i
2 2 HC " 0 L10-3 6 7GQ0E *00- I 43i 1217 -0 E UAL I TY -1 429L--08 0. OQOOGE-OlI
:j 23 1 1-.n Al:COCOE+-0-3 80 ; 7E - 73 EGIJAL ITY-] elOE-GB9 0. OOOOOE-0I
P- 20o OL12 0 C,0 )CQ- 0 0. 00,,CF-0l IEQUAL ITIY 0 000CE -01 0. OOOOE-01
25 EACI4TME2 I 1167cLC" FW- 1, 1 7E 1-02 L
26 ORA C P - 4 , C.C:I I 16 v):~' FRF. I 1~O.

27 DRA CP3 4 3 7;0 0 + 01 1 1 167~.~ 4-t" FE I lI7E*02 L
23 ORA CP4 2 4_ 000E-01 S. 2644 7[-+-J FRILE 6. 1-64F+01 L

O9 RA CP5 4 c4(OE -0 1 1 F3~~~ PECE I 033E+02+ I-
30 DRA CR6 2l. 4:,(0E+0i 1 O21.-E-402 FREE 1.022E+02 L
31 DRA CP7 2 460O0E401 1.02382CO-02 FREEE I 024E1.02:L
32 OR A CR5 2. 4 60COE 101 S. 8744- L+01 FREE P, 874E+01 L
33 ORA CR9 2 ~E0~19.760O7L.-DI FRL"- 9 766E+01 L
3'1 DRA CP10 2 4- 000E-CI 1. Q6 4_-C*02 FFJ P E 1'--02. L
35 DRA CPLI 2 S5COCE-C( 3. ' ,.:Lc -3 1 FRFP_ 3 421E+01 I-
36 DRA CP12 4.35000E-01 1 ll.)76E+0)2 FREE 1 117E+-02 L
37 N UALl 0.00CCO-01 0 0OCC7.-OI [GUALITY 0 OOOE-01 0. OOOOOE-01
33 N BAL2 0. 000CCOE -0 1 0. 000CL~i-01 FQjJALITY 0 000E +01 0. 00000E-3 I
3? N DAL3 0. 00 0C 0E -01 0 '_C2L0iUuALITY 0I OCOE -01 0. 00000E-01I

FINAL RESULTS

C- ECTI0O4 1 - FUNCTICNE

DISTANCE

N.INITIAL FI1N4A L FROM LAGRANG E
N. NAME VALUE VALUE STATUS NEAREST MULl IPLIER

BOUND

'(s N ALA -1 460C00E-02-6, 31-20QE C-0 ' EGUAL1T Y -6. 331"E-05 0. OOOOOE-01
41 N Oi-L5 6 C0 ,CCE --, 2 -1 83 1= [-- 0 EAI TV - IS-1 3E -- r5 0. OCOGE-0 I
4 2 N BAL6 -1. 4 _400CE -0 2-6 . 40371IE-073 EQUALITY-6 ;r)9E--05 0. 00000E-01
43 N BAL7 6 Oarm0CE-02-2 777'.)E-C,5 EG UALITY-2 7-OE-05 0. OOOOOE-0I

4dN BALS 6 0 P ~.- 23 4 0 Z.6- 05 [UIAL I T Y -3 "03&-05 0 OOOGE-CI.
15 SL9-9 65'-05 1CU;iTY- I 675E--05 0. OOOOOE-01

4.16 N BALl10 -2-. 6460CE-01 I 45331E-13 FSUALITY-1. 458E--13 0. OOOOOE-01
47 N BALil -2. 64600E-01-3. 5220-LE-06 EQUALITY-3 523E-06 0. OOOOOE-01
40 N BAL12 0 OCOOOE-01 0 OOOOOL-01 EQUALITY 0 OOOF- 01 0. O0000E-01
49 N CflOPI 0 0(CCCE-1, C, 00D-r C,GI FGUALITY 0 -I-O -C1 0. 0DOOOE-7 1
50 N CRCP2 0 0OCCC E -. , 1 0. 00-7,-L -0 1 I:0LITY C , 0, 01 0. OOCOOE-G1
51 N CROP3 0 0:CCC-0l 0 OCQCCE-01 E3U)LALITY 0 C-701. 01 0. 00000E -01
5 2 N CROP4 -1 02137E-04l 5 0 1Ov 3C -05 CG UALITY-J)CII CE- .0 0. 0000OE-01
53 N CROPS 6. 6C8o1E-04-1. 1'769-E-07 EQUALITY-i 2117E-07 0. OOOOOE-01
54 N CROPS -1 031137E-04 6. 10012C-05 EGUAL IT Y-6. 1iSQE-05 0. OOOOOE-01

Ni5r CPOP7 6. S06 IE-C'-1 - I 462-E-07 1LGUAL ITY- 1 _4_'- )7 0 OOOOOE-01
5,) N CROP8 6 eE c?6 1E -0 4 -1 61 --E-C1 7 (.. (Jg I T Y- 1 6 c 6 L--07 0). OOOJOE-0 t
57 N CRO129 -7 1794CE-C.4 53 1E572E-C3 EGUALITY-3 IS9E--CtB 0.OOOOOE-CI
53 N CROP1O 0 O0C16CE-01 I. 13566E-17) EUALITY-I lJtE-I5 0. O0000E-01
59 N CROPII 0 060OCE-0l 5 00110E-ID EGQUALITY-5 OCAE-iS 0 OOOOOE-01
60 N CRIOP12 0 00OGOGE-01 0 OOOOE-01 EQUALITY 0 CC('E 0 1 0 OOOOOE-C1
61 LAG N1 7 2COO0-E-C'2 4 60500E-01 EQUALITY-9 343E-lI 0.OOOOOE-OL
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62LAG N' 7 M0CC-2' K2>1 F'ZlAL ITY-4 62-/L 1 1 o0OOC'E-01
63 LAC N3 7. 200,3E-02 4. 60tc-0,1-OJ LaiUAL ITY-6 77AL-- 1 1 0. OOOOOE-01
64 LA". N4 5 97.i QC-QO 1 ',-C1 -01 UGPJ rY -7 4 50L--l 11 0. OOOOE-0'1
65 LAG NS 5. 9-7-10,)E-01 41. ~ C-0 1 E CYA' I TY-4. -"06E-- 11 0. 0QOOQE-0 1
66 LAC N.6 5 97600-E-01 4. 605bOJL-01 I-iUA.L I T Y-2. 1 G0k -09 0. OOOOOE-01
.67 LAC N7 5, Q7cj00E-0 1 4 6 '-C,;:- 0 1 *O.Lry -5 077E 08jP 0 OGOOGE-0 L
63 LAG N3 5 97YLOOE-01 4. 604 '7L--0 1 EO'JAIITY-3 '91 E-0j 0. 0000GE-01
69 LAG N9 5. q-700E-01 4. 6040C'?, -01 EOUALITY -9 ;90E-0 ) 0. 00000E-01
70 LAG N 1 5 -?700-j ,E -01 4 6 0 -0 1 1: C.U(A-I T Y-5 9 4 r. 05 0 O 1 C)GE - 0
71 LAC Nil 5 9760CE-0 1 4. C(YT I0 E AI T Y- 1. 51:=;--Q 0. 00000E-o1
72 LAG N12 7. 20000E-02 4. -1 5,0E -0 1 EQUALITY-I 125F -10 0. 0010-E-,:)
73 GW QUAL -1. 421U~cE-14-2., 2 -nE-09 LO ;*l.P~t-D-2. 'EAF-.Aj- L 0 00000E-01
74 G .',,1 0. OOOOOE-01 0. 0OuC*:'!E-01 1 Gl E 1 1 00C; F
75 GWN2n 0. 00000E-0 1 0. OGC. C .C-O01i IGN0Ti-(D 1 0 C 0 -70
76 GWN3 O0 0O0OE - 01 0. 0 G C 0- 01 IGNERED 1 . oiO 0 C,
77 GWN4 9. 4500CE-02 6. 4 6- 1 1 '--01 1&RCfF D 1 00 0 L'0
70 OWN5 9. 4 5 0 CE- C,2 9- 3'?7E7-02 1 G NFC-E D 1 GOOF'
79 GWN6 9. 4500OC-02 6. 20006E-02 IGNORED I 0COE-0 E

I FINAL RESULTS

0
OSECTION 1 --- FUNCTIONS

Di 151 f
INTI i AL F I 1AL. FHC- L A i- N E

NO. NAMIE VAL UE VALUF STTU L)s :E%,: 'I. 'I I I'L IEft
0OUWN",

80 GWN7 9, 45000E-02 4. 9400-E-02 IGNC2?FD 1 0CF
81 GWNS 9. 450O0E-02 7. 91945EE-O2 IrNOR E D 1 GOOF:
82 GI,4N9 9. 45000E-02-2. 2 00 9,-E- 03 IO.NOFFD 1 oc~c'
83 OWIO 9. 450OOE-02 7. 70 1,1E-02 I GNOIi-
84 GWll 9. -15000E-02-3. 030Q-*U-0l I GN 0 ' 1, I.
S5 GW12 0. 00000OE-01 0 OOCE -01 1G N 0- D 1 C!7! I
86 01 5. 000,,)(E+01 1- P2O2.,2E*C,2 c-c!
S7 STOREVN 1. 44(00 E + 00 1 . 73 3 -~0 -7 + CI C1
88 STOREVNP 2. 60575E-01) 2. 1I-12 Z- 01 It 9i iF I
89 CRL!FN 1. 6a ~'0 o (:( 3c5-' 7 -. r T 7.)
=0 CR(I!NP 3. -10'1. 1E - n 4 ~1',.- iJ I Z", -
C;I T OT FEV 3 0 2'C E 'OC) *1 1 7-L ; , 1- N r : I
92 TOTRCVNP 6 396L:0 3 '1624aI-0 I C I rJPFD I QC
03 APF'MAX 3 51& PLI-01 I 3 1 F C 0J I10.C 1-i FD 1 0v.0 C

I FINAL RESULTS

0

OSECTION 2 -- VARIABLES

D I ~.T Atit E
INITI.AL F INAL po7UCL

NO. NAME VALUE VALLT S IAT US NEAU.Q (u'iII4
COUIND

I AREA 5. OOOOOE+01 1. 20363E+02 SUPDASIC 1 ~<iLI0u~C
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2 :T Cl1 3 C ~F +,, 3 1 '77 (CL.OJ I PA E1C 2 i0:3F*1 U
S3 ZCfl - 3 CC-;O'CE -01 4 14 B70OEO0I PAS IC 1, 151E# 01 U

'STOfl 3 r +01 'VCO S QC C' 1 +0 N N JS IC UPPERflND 0.00000OE-01
5 GTOR4 :3 GC'wGE +0 1 5. t) -,OCL+O I NO.J3ASIC UPFL RLND 0. OQOOCE-Ol
6~ STCR5 3. O, 0 0C E+ 0 1 5 '-CC 00E+OI N Cr4lVA S IC UPPERHND 0. OOOOOE-01
7 STCRi) 3. 1COCE+01 4 cD2*I BASIC 7 161IE+00 U
0S 'TGR7 3 O07( OOE+0 1 3 7I4c-0l:+ BASIC I 725E+01.U
9 STORO 00000C)E+01 I OC371L.01 BAIC I 031E+01.L
10 ST OR9 3 G - 00 F + 0 +1 3 : Ir>O( +0 1is I C 2 71?0F+O0 L
11 STORIO 3 O0OOQE+01 I ,42.15E+01 BASIC 1.49GE+O1:L
12 STOR1I 3 0C~C+1 S. 94 QQE )CO0 1BASIC 8. -11iOLE+ 00L
13 STORI2 3 G C-'CKCE +OI 2. Q4z10E+o1 BA.,SlI C 1 qli 3E.01:L
141 ArPi 0QOCOCICE-01 0 OCCOCE-Ol NOINIASIC F IXEP) O.00000E-01
15 APP2 0 OC'OCCE-01 0. 0000,;C-0 1 NONDASIC FI X,-:) 0. OOOOOE-01
16 APP3 0. OOOE-0 I C..O30C NONDiASIC FIXED 0. 00000E-01
17 APP4 1. BROOCE+0 II. 59?49C+L 01 BASIC 1. 595E+01:L
18 APP5 I .BN)OOE+1 1.I 15431L+01 BAPS IC 1. 1'54E+l L
19 APP6 1 6? -.- E+ 01 1.82.37z'E f01 BASIC 1 620E+01 L
20 APP7 1 5 GOC -E -. -,1 2. 1 -qE 0 1 S U FBA S IC 2. 13i0 1 .L 0.OOOOOE-01
21 APPS 1 -- ( -T0 C;E + ) 3. 7I&35Lh-01 SUPBASIC 3 716E+01:L 0.OCOCOOE-011
2 2 AF'pq l.8 900,-,E+0 11 1 t05 D-E+ 0 1 SUP:!ASIC 1 9 1 1 E ,01 L 0.OOOOOE-0 1
2 3 AFP 10 1 9 +1 -4 evi4. . 4 NO:BJASIC LCtL.m: 0. OCOOGE-01
24A~pll I B -- 0 +0 1 1. C +,.L40 1 SUP3ASIC 1I.'0 +i-C,1 L 0. OOOOOE-0 1

it AR'3 0 0:) F:Y0-1 0. O0C )3C0 1 NONPASJC F 1X E J 0. 00000E-01
D~ DPA INI t )C-0 0. 0030OL-0 I BASIC L 0C1:R PN D
27 4A IN r. - ~ CcE0 - ~ IfQC~O BASIC LOWLRLND

2 3 DRA!N3 G. 0C 3E-0 1 0. 00oCcc-o I BASIC LOWIFFROND
29? DRAIN4 I . 89c00OF-01 4. 0i 5E #-Q BASIC 4 9FI.L
30 DRAIN5 1. SP0X'E+01 e. 3DZ l L +0 0 BASIC B. 337E+00 L
31 DRAIN6 I. , 8000E+01 9. 46047E+00 BASIC 9. 460E+CC. L
32 DRAIN7 1 Sc00+19. 2942011>00 BASIC 9. 294E+O: L,
2 'I'?t)I S~h c7, CC + 0I1 2. 21731 6+0 I BAS IC 2 29:3,+01 L
341 DP A 1 9 1. 89000CE+01 1. -0155L+01 BASIC 1, 40C-E! 01 :L
35 DRAINIO 1 S-'OOGC+0 5. 1324 5,2(-00 B3ASIC 5. 13 127+0 0. L
36, LR/N1I I E C,3 -0 1 2. 1 5 275E + 01 B ASI C 2. 163E+01: L
37 ['R AIN 1; 0 0CQ E1 0 QC,7)[-01 BASIC LCUFRISND
7 7 N STO-R 1 2 C2t2 3. -12 7 7E - 02 BASIC 3. 25E-02. L
ZON STCR,- 2 .C ,CECC2 3 2222ZE 02 BASI C 3. 222-0G2 L
I FIN'AL RESULTS

OEECTICN 2 -- VARIABLES

DISTANCE

INITIAL FINAL FROM REDUCED
NO N.F VoLIJE VALUE STATUS NEAREST GRADIENT

BOUND

40 N STUR3 2 4*1COC)E-OP 3. 10240 EC-02 B3ASIC 3, 102E-02 L
41 N .3rO R; 2 -7100.2E-02 2. 55S296C-02 1BASIC 2. 554E-02. L
4 2 N STCR5 2 40C-22. 3000SE -02 B3ASIC 2. 380E-0': L
4] N STOR,5 2 4C0,10E-02 .' ;-4C-02 B3ASIC 2. 300E -02:L
4 4 N- 5 T -,R7 2 41-0O0E-02 2 33140E-02 BASIC 2 331E-02.L
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45 N Tl~ 2 F-0221 E- (72 0 A SIC 2 '302E 0-2 1-
46 N STGc'P 2. 4C;CE - 32 3. 930271 E-C,:? BAC-I C 3. 9;-3E-02. L
47 f4 STC 1O I f tc C -,-02 3. 431..;E-C(2 B A SIC 2 4!4,L-C2- L
43 1- S T. OR 1 1 400C0E-C'2 3 1214-E-02 S AS IC 3 lInnF-02 L
49 N STOR12 2 ACC-OGE-02 3. 37C-51-0-' B'S I C 3379E-02 L
50f CRCP NI I ) -0. E -I--O1 0. oc$s Of Cl0I BASIC LOIJERUND
51 CRCP N 2 0 030CC-0-C 0. 0OCOICL-01 BASIC LC"ERUND
5 P CROP N 3 0 OOO005-01 0. 0O0OO0OCL:- 01 3AS IC LCIJLRDND
53 CROP N 4 5 C-'-,OC E - C3 2 917-'1C--03 BAS IC 2 317E-r;3 L
54 CROP 145 6. 5000CE-03 1I, 975 lcE--3 BAiSiC I 976~E-0'3 L
55 CROP N6 5 00cE-03 2. 72C010C -03 BASIC 2 720E-03 L
56 CROGP N7 6 5 0 0C -E -03 3. 1 7f I -E- 03 BtASI C :3 179E-03. L
57 CROP NS 6 50OOOOE-03 4. 962'c4E--03 BASIC 4, 963E-03. L
58 CROP N9 3 300E-03 2, 9'7'cE-Oi BSSI C 2. 27 F- 03 L
59 CROP N10 0 01C-OOOE-O II. 13566 E-I15 BASIC L OW17RUND
60 CROP Nil 0 000CCOE-01 5. 00IO1>15 BASIC LO0WE.RIJNQ
61 CROP N12 0 0 00 i0E - 01 0. 000C'0('-01I BASIC LOWERPND

Pi NP;-2c I 'D 0 Z, A- G. 0;- 0C C-1 ~ JAI LCLi) I Ncll-'CO.s-I

63 N PER C 2 0 CCC-1.CE-01 0. 0 0C. 01 N 2,AS IC L CER' i Ui C'00(D
641 N PFIC3 0 0000ocE-01 0. 00C. oC'- I NON3 AS I C L E Q.0L'")Ecl

6,N P-: C 4 1 2-...-l.-01 8 ;2317E2 -c2 BASIC -3U'l . L
&z N P'-- C"5 1, -~C::- o 3. - o 1 - 1'-1 2 B3ASIC 2 .:L L
67 N PERC6 1. a ;03,;E - 01 7. q!'C-0 I AS IC 7 0 CE L
60 O P;7- PE,7C Il SC; ~1 9 C, 0 1 j~ 2ASIC 9 -D'~
69 N F ERC e I C iC.F-1 2. &.2'0-- B S I C 2 6 33E -,D' L
73 N FCIlq 1 I- ~0 cnE - 01 2~ i'- 41:-0 13A SI C 2 125E-01 L
;J N PEFI I ~ - I -~ -15 h-tJ130,S I C L C , ':R! E) UCOOCE-CI
7 2 N PEPC I I 1 0QE1 6 2 7 4 &1 iJ BA I C 6 Zf"4 E-Ci L
72- U PERCl12 0 1,3CE-01 0. 0 .C-- -0I N04BASIC L'-,'4EF; R ) 000005-Gll
74 Y P,%S S 1 0 oCC . :* 0 N 0~-0 ~. OS IC : I- U
75 PYPASS2 0. 0 0c E-10I C' -G1^E-1 N 0iTl A S 1C FUXEi- 00000E-0 1
7 j BYAi5 3 0. 000C-C I -,. 0,",CC -0 1 -*OX3.4A S IC ~i x F 0cD0- I

'71YP~S40COCSCI0 00~U-1NC;NnAS] C, : XEIU o.000('E -C
73 BYP ,SS5 0 0000C-E--01 0 00".--0 C:3 i, 1C FID i C' ; . OQOOCGiE-CI
79 BYPASS6 0 0 00 !DC, E- 0J 0. 00000C -0 1NONB1P.AS IC F 1X,:) 0. 0000UE-Gl

I FTNAL RESULTS

0

OSECTION 2 --- VAR IABLES

D I STANCE
INITIA TIAL FROrI REDUCED

NO. NAME VALUE VA-LU,*I- STATUS NEoR!IE) (gAI I EtJT

00 BYPASS7 0 0 C 0 -'E -C1 0 00000OCE-0 1 NONB\'SIC -I XF 1) 0 00000t-oI
81 OYPASSS 0 i-K'00CIE-01 (0 0)C- 0 WNBNAS IC FI XED ( " 0 0 C)E -0I.
62 RYPASS9 0 OOOCE-01 0. 000&:-0I NO( t3AS IC P IXEL) () OOOOOIE-0'1
83 BV P A SS 10 0 COOOUE-01 0. o00oOC:-0t NCNAS IC ~T- "1 0 00000E-n1
34 BYPASS 1 0 0000'05-0 1 0. 000 :,'-Q I NONRlASIC F Lt-1) ()00000OE-1-0
85 BYPASS12 0 O00C'OE-01 0. OOOGOEl'--0 1 NOIIDAS IC PF 1ED 0 00000E-01i

IRO'N STATISTICS

ONUMBER OF ONE *DIr1CNSIONAL SEARCHIES = 71
ONEW10N CALLS - 304 NEWTON ITEIHAT IONS =267 AVERAGE 0.08
OFVNCTION CALLS =569 GRADIENT CALLS 7 71

ACTUAL FUNCTION CALLS (INC. FOR GRADIENT) = 6689
ONUMBER OF TIMES PASIC VARIASLE VIOLATED A BJOUND - 44
ONUMIPER OF TIMES NEWTONJ FAILEFD TO CONVERGE - 17
OTIMCS STCPSIZE CUT BACK DUC 10 NCWTUN FAILUnE 14
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APPENDIX B: LTMOD program listing.

C
C M(.XIIEH- EF. T S TI-H ACJ, OF El)YU

fPA9,,1E1FrR H-A~r-'EM = 20000
f-1J:RT SYSCGWri: ,EQY

REAL*' Z'NAVMFM)
CONrNON /L~C.
INTrFGER *4 NCCflZ

INTEGERkt2 ( " *, CN %;i-1E 16)
INTEGER*2 I)CFILEt'6),O'FN-r- (16)
LOGICAL L&Cz
DATA NCORE/rIAP'7ti/
DATA INd-ILE/ )C:11;. UT FILE,'
DATA CU1IFIL.'11!i?2_TPUT FIi_ -'
DATA COS/C$~MFILE/
DATA DEFILE'11h-i.-_ NE FILE

100 FCRM-ATC 'LAND TRE;,TNFNI OPTIrIIZAI ON MODLL'
10 LOG=O2VP6A( INF ILE- INTS(10,oSREAD, I4MEINTEi3J2). 1~S).

" ASVOLD 0,0)
IF(. NOT LC) 10 t

15 LOO'"PA (CO'C; 1NTS, 0),;READ.CONAME. INTE_' '72). NT F7-
" ASVOLLX 0.0)
I F(. NOT, LOC) G 0 TO0 15

" A$VOLD,O0O)
IF( NOT. LOG), 330 TO t6

2.0 LOGOPVPfA(OUTFIL, INTS11,ASWRI OUI NAM, INTc_(3-2 (r2).,
" ASOVAP, 0.0)

IF(. NOT. LO,; GO TO 20
CALL GRG(Z.NCcG.R7
LOG = CLOS$A(IN7:B 1))
LOG =CLO5iA(JNTS. 2))
LOG =CLOC-'A(INT3.13))
LO.; = CLOC-A(VW>_.'4))
CALL EXIT

SUBROUTINE 1C0Uil G.X
IMPLICIT ~A~3A7

REAL 11) ~i)E2)W:LiR1)N(2

*OA, ,DP
IF(INIT.EG-0) fGO TO 30
READ(7, 10) 1. P. E. W, MDR, NI. N ), PEN. CP. MNU, NL, NCON, IFrV, NCO),
*OA. 03. OP

10 FORMAT2(FIO 6/),4F106)
WRITE(S. 12)

12 FORMAT( 'PANRAfMEFrfS')
WRITE(6, 11 ) I, P. E, W, MIDR, NI, NP., DLN, CP, MNU, .NL, [4L0I1 E 1N~t
*OA.OB.DP
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C. IMOD P110G[ AM

II F03!VT( 1,F710 6,),I'X,4F10.6)
30 CONTINUE

Di MENC ION G(93), A(05)
C
C STORACE WAIEL BALANCE
C

G(I1)=X(14)+X(74)-X(2)-X(13)+(E()-P(1)).DiAX1(X(2),X(3),
* X(4), X(5), X(6), X(7), X(3), X(9), X( 10), X( II), ((12), X( 13) )/DP
G(2)=X( 15) -X(75, i (3) -X(2)(E(2)-P(2) )*DIIAXI(X(2), ,

* X(4),X(5), X(6). X(7),X(8), X(9), X( 10),X(Il), X( ). X(13))/DP
G(3)=X (16)'X(76)+X(4) -X(3)+(E(3)-P(3) )*DrMAXI (X(2)., X(3),

* X (4), X (5). X (6), X (7), X (3), X (9), X ( 10), X (1 ), X 2), 1 (13)) O/Dp
G(4)=X(17)+XC77) X(b)-X(4) (E(,)-P(4))*t)MAXI(X(2), X(3),

* X(4), X(5), X(6). X(7), X(8), '(9), X(10), X(11). X(12 ), X 13))/DP
G(5)-X(18)*Y(-79) X(6)-X(5) (E(5i)-P(5))*DIIAX1(X(2), X(3),

* X(4), X(5,. '(6), X(7), X(B), X(9), X 10) X I 1) X 12), A( 13) )/DP
G (6) =X (1 c)-X (79) )f(7) -- X (o) (E ("0)--P (6)) DMAX I(X (2), X (3),

* X( 4 ),X(5,, (5 ), ' (7),X(8), X( 1X(1O ,X(11), A(12), X(13))/DP

G(7)=X ( X)(SO)+ (8 -X (7) (E(7) -P (7) ) *DrAXif( ,X (),
*X (4), X( ). X( ), X(7), X(8). X(9), X( 10), X(1i ), X( 11), C I') )/DP

* X (4). X 5).X ( ), A-" 7), X (8) ( , X 10), X ( I I . X I ;'- . ) /DP

X(4), X (Y 7), Y (P- 10, X~ I I (10

G( X (2 - .X I = - 10 (E (10)-P (10) DrIA'i I x X 3),
* X(4), X5). X(. , X 7 X(e) ,( I),XC 1 . XCII), X(fI ) . " /)IDP

* X(4), X(5), X(6), X(7), X(3), X(9), X ICo), X(iI ,), X .- ,. I J2))/Df'
G (12)=X (25)+X (85) -X ( 1 %-,( -,) +(E(12) -P(12) LIMAX (Y( X C70,

X (, , X 5), X(6),X(7),X([), (9 1, (10),X(11. (I ) Y (13i)/ DF
C
C WATER BALANCE AT IRRIGATION SITE
C

G(14)=EFFC2)*(X(1).X(74)) (PC2)-..2))*X(1 )-¥(3.

G(15)= EFF(3)-iX(15)-X(76) + (P (:)-W(3) )*X( I )-X(20
G( 1 )=EFF (.'*(X (1)+X(77) + (P(,)>-W (4) :0:x 1-X(

GCi )=FFF( 51 ).(XCIF) -X )' (P( ) -W( ) )X( I ) -X

G (19) =EFF (71- - (,qO) + (P (7) -1.4 7) oX ( 1 -X( 2

C(21I)=E;:F( )f.( X(22) X(62))+(P(9) -41(9))*X(I)-X (3-1.

C(24)=EFF(1)((5)+X(5)'(P12)-W(12)}1 )-XC]7)

C
C SOIL DRAINAGE CAPACITY
C

G(25)=MDR(4)X(1)-X(29)

G(29)-MCR(2)*X(1)-X(37)

431)
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C LIMOID PfROo:,(M

C (3) =I-;1 t'( 1 )-X (j;)

C ('3) =M . -

C (23) =Niu 1,)) (-X(6

O (6)=M)312 * C1)-X (3;')
c
C HIlROGEN BALAN'CE- AT IRRIGAT1OJ SIT.
c

G(37)=1. 0/F~Li ~6-iCDN

G(39)=I.0/'FNiL3i*X(64)-(1 -D DEN(3))

* -1 0 -FL 6/~L3)X:~ y4C (

G-C 0-2 L'' 1 .:D t-(

- )-( -FNi-% 5 -I( 5) f. )Y X-5

+ 1sC. O-FmL-~ 1F4L (6) 1 5 )-.)

X- *(21 -1~4,*(9) +Y LO) ~,:)j(c/+X (S) :--1 /
*+ (1. O-FlL 7) /FNL (I 'x': -

0(46)I. 0/FiLl 10;,Xk7! lC. C

+ ( 1. 0- FL i ) .'FNL 10; -'1 1

G (24'.....G...... 12) 7:3 C -j E I)

* ( ( 25 ) * k' 4) ) * ( 137) 1~ ( ' e X I -- ) / , ; 1 12 ) , - : 12 *X (85
* --C. O-FNL~ hI '/FNLillI 'X -2) +X i (6

C Ci(Or' UPTAKE W- NI IPrCCEN

G ( 4 9 X 5 -CP' 1 i.rIU ( I/

* *(XC2)*X(_ ) >'' 14

G C 50) =X C 5 1 ' -(,P1'2' *?1PJU
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C L11Ofl PROGRAM

* (A ( J9) * X .3)+~X (23E ,)* x (-'l ) (( (3) +X 2)
v .( X(1) *MMIJ 2 ) ) ) )

G 51) -X (52) -CP i ) MNU ()
I (1 0-EX (-NJI (3)*'A ) - 1, 0 -.- (2) )/FNL (2) c)((&3))

X .((4)~3 * -' X 3 X: 4)+ 3

* ( I. 0 -EXP ( (-N 1 ~4) *X(T/7)- 1 0 -FNL (3) ) /FNL ( 3 X (b4
**(XC5).-X(4) )- '( 17)
**(X(41)*X(5)+x(40)*X(4) ) ;,'( (X(5)+X(4))
* *( X( 1 ) *Mli(4) ) ) 1
G (53) =X ( 5',)-CP (5) MN ( 5)

**1. 0-E4P( (-NI 5) i-9) -~ 1. 0--Ft L (4) )/FNL (4)*X (&.5,1

* *( ( I ) *rlr.jtj(5 ))))
G 54) =X (55) -CP(6) 11NU (6)

* 1, 0-EXP ( ( -N I (.$) i.X (79) - 10 FNL ( 5)) /FNI- ( 5, ,

X *((7) +X (6))-1(;P)

G (55)=X (56) -CP (7) MN-U (7)
*(1. 0-EXP -T4 -JI7) *X (F-0- 1 0-11-NL (6)) /FqL() -7,

X *(( I ) *M.NU(7) I)
G 56) =X (57) -- CP 3 -MNU (S)

I -(10-EYPFi(-N I El (Fili-(1, -FNL (7) )/FNL (7) *X (6B)
X *((9) +)(i(-2i
X .((45) *X( (4.a)*X(0~ )i((Y(9) +X (11)

G(57) =X ( 5D, -CP 09 ) *MNU ( 171
( 1.j 0- EXP ( ((-,'41 ) * X (6- )1. 0 -FNL))/FNL (S',X (65

1. * -X -N X (R 4L - 1i5 0, (9) /FNL + (9)
xI I( )-' 2r2.3.

1,~0rK O 3Ey,- Cr l ) * , 4 -(I -rN4l1)j(F L

**(X (11) +Xk1Q)--X(24)

**x(4)~:,(6* (t I ) .'(U (X I IX 1'

0G 560) -X (61 -CI (12) *MNL (1IT1

* (I1 0- EXP ( (-NI (12)*X (85) -(1. 0-FNL ( I1 I)/FNL ( 11 )X 72)
**(X( 13)+X( 12)) -X(25)
**(X(49)*X(13.+X(46).X 12) ))/((X(13)4-X(12))
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C Li 110D PRC fk,2i

C
C NI1ROCEN BALArj4CE IN S1CRAGE

G(62-)=X(39)*X(3)-X(33)*X(2')+X(15)*(X(39)*X(3)+X(323)*X(2 ))
*/(X (3) -X ) + llN)N(2) w ( 9 (2 3) 'X ( ') +X (29) *X (3) ) +N I i 2) *X (75)

*/(X(3)+X(4))+ 5 K3(X4)X)-(9XJ)+('13)*(765)
0(64) =X (41 1- 5 9-X (40) 1)( -1 ) X ( 7)*( X (41 )*X 5) +X ( 40"-<X 01 )
*/(X(5)-X(4;, ).. 5*NK(4)*(.( 4 0) *X(4)-X(41 )*X(5) )+tN1(4)*X(77)
0(65 =X (42) X (6)-X (41 ) t X (5)P- (I IB) * X (42) * (6l +-X ( 4! *X ( 5))
*/(X (6) -X (5)) + 5-NK( 5) * ( x ' 41 ) X ( 5) +X (42) *X (6) ) +N1 5) *X (70)

*/(X(7).Xk6~))* 5*'NK(6)-(Xk.a3)*X(7),X(42)*X(6) )+N~I()*X(77)

G (67) =X (4,1,X ()-X(43) X7eX (20) (L (44)*X (S ,IX(423)*X(7))

X /(9() -X (B )+ 57 () (X -'5) X 08)*(44) *X (S )+NI (7)*X(S1)

* /(X(9),15)kYX(-))

S(X ( 10 ('4) 5*NK (9) e 49)-cX (9)+X (46) -tX 10))-1f (9) tX(LW2~

*/(X(II)+X(10) +. 5*N1' ( 10) X(47)*X (1 1 )+X(46) -X ( 10) ) 4iNI ( 10) oZX83)
G .71 )=X (48' X ( 2, -X (47 ) - I +X ,24) st( X(49, aX ).-Y (47),tX (1I)
IM(X12)+x' 11) )i. 5*NK ( 1 X110)*X ( 12) +X (47 X 1. NI 11 1 e,

* ((2~~3 +5*NK ( 12, (X (4b1) * L~) X(49~') 3. N I(12) k 31)
C
C NITROCEN CONC IN PERCOLATE CINSTRAINT
C

G(73)=NCO*(X(2 6)-X(27)+X(2-S)-X(2?)
* X(30)i-X(31) -X(U'2fl-X(33)-X(34)

*+X(70)+X(71 )# '72)+X(73))
C
C MONTHLY GUALITY OF PERCOLATE CONSTRAINTS
C

G0(75) =C~ 1 A~ X(2

G(76)=NCQM(3)*X(2)-X(.'i)
0(77)=NCQM14)*X(29)-X(&,5,

C(00) =NC0rI( )4 -(32) -X (6)

0(31)=NCG~i:h)X(33)-X(69)
G(32-)=NC0M(9), X(34)-X(7,0)
G(S3)=NC~tl(l0).X(35)-X(71)

G(35)-NCGMIl2)*X(37)-X(70)
C
C OBJECTIVE FUNCTION
C
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C LiMO!) PRUG~fMl

C NIIROGQEN REMOJVED IN STOR~AGE
C

5*(S7).4)*(X4)-X(B)*X(4)*X(4)X(3)

* 4* 1- A ),* ~(X (3) -*((7) +)((.44)*X (6)
* .5*rJI (7) *(X(44)*X(4)4.X(43)*X(7)

*+.*N.(9().(X(41 )*X(l5)X(0V*X())
* -5*NK(10)*'X(47)X(1)+X(4)*X(10

+ . 5*NK ( II (X4 )(4 X(1)+X 4)KX ( II

* .5*NK(12)*(X(47)*X(13)+X(46)*X(10))

C
C PERCENTAGE OF NITROGEN REHOVED IN STORAGE
C

C
C NITROGEN REMOVED BY CROP(S)
C

C PERCENTAGE OF NITROGEN REHOVED B~Y CROP(S)

*+N'I()*I(54NI(6)*I(6)-NI(7)*1(7)+Ntr(8)*i (B)

C
C rNI11rOGEN REM~OVED IN SYSTEM
C

GQ?1 )=G(97)+G(99)
C
C PERCENT OF NITROG~il REMOVED BY SYSTEM
C

G (9)I(9)+NI(l1)I(1) -rJ(I)*I(II+tl()N( 1.,)*I(12)*1

C
C MAXIMUM WEEKLY APPLICATION RATE
C

G (),X(21)+(X(14',X(IZ),X((2),X(7)/X(I).),

END
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